Introduction
Aloe vera (Aloe barbadensis) is an important medicinal crop worldwide. The leaves are used for cosmetic purposes. Diseases and pests cause considerable yield loss. Among these, bacterial soft rot of Aloe vera caused by Erwinia chrysanthemi is a major problem in most of the Aloe vera growing areas of India posing serious constraint in gel production by appreciably affecting the leaf yield. Management of these diseases by cultural methods and by using toxic chemicals as bactericides has reduced the biodiversity of soil microbes and lead to the development of resistant strains of the pathogen. Hence, the present investigation was taken under to develop eco-friendly management strategies like exploiting induced resistance by using native bacterial antagonistics and botanicals.
Molecular characterization methods include PCR-based typing methods and DNA sequence-based characterization, which is broadly applicable for typing bacterial species. Many applications of molecular characterization have focused on differentiation of important bacterial species
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Journal homepage: http://www.ijcmas.com Erwinia chrysanthemi is the causal agent of soft rot of Aloe vera. In the present study, 51 isolates of Erwinia chrysanthemi of Aloe vera from Tamilnadu were characterized. Molecular detection of Erwinia chrysanthemi was carried out using species specific primers and toxin analysis was carried out using PCR and HPTLC analysis. Morphological identifications were well correlated with the molecular detection method. All the 51 isolates expressed an amplified product size of approximately 560 bp and hence confirmed as P. fluorescens. One isolate which expressed an amplified produce approximately 546 bp was confirmed as Bacillus subtilis. The crude antibiotics, viz., phenazine and 2, 4 diacetylphloroglucinol (DAPG) extracted from Pf 32, Pf 45 and Bs5 respectively, were thermostable (100 0 C) and highly anti-bacterial against E. chrysanthemi. The presence of Phenazine and DAPG was detected through thin layer chromatography (TLC) with an Rf value of 0.57 for the isolates Pf 32, Pf 45 and Pf 4 and for DAPG the Rf value 0.88 was detected for the isolates Pf 32 and Pf 45. Primers Phl2a and Phl2b amplified the predicted size of 745 bp fragment from the genomic DNA of Ph 1 producing Pseudomonas isolates Pf 32 and Pf 45. Primers PCA 2a and PCA 2b amplified the predicted 1,150 bp fragment from genomic DNA of Pseudomonas sp Pf 32 and Pf 45. used in crop protection. Many of the fluorescent pseudomonads, predominantly P. fluorescens, were isolated from suppressive soil for the management of soil-borne and foliar diseases (Weller et al., 2002) . Fluorescent pseudomonads are saprophytic root-colonizing bacteria. Fluorescent pseudomonads associated with plants include P. fluorescens, P. putida, P. aeruginosa and P. aureofaciens, P. aeruginosa forms a tight cluster and grow above 41C (Hildebrand et al., 1992) . Most of the plant associated Pseudomonas sp. belongs to P. fluorescens and P. putida complex. There was no clear distinction between P. fluorescens and P. putida (Sheath et al., 1981) . Polymerase chain reaction (PCR) based detection is a favoured approach as it is accurate, rapid and sensitive. The small-subunit 16S rDNA sequence has shown to be useful for the detection of bacteria (Seal, 1997; Stead et al., 1997) . Development of correlations between genetic types and biocontrol potentials of microorganisms will help for application of molecular characterization methods for rapid identification of effective bioagents and tracking of economically important biocontrol agents.
Materials and Methods
Molecular basis
Detection of fluorescent Pseudomonads among the rhizobacterial isolates DNA extraction T otal DNA was isolated from bacterial strains using standard protocols (Sambrook et al., 1989) . Bacterial cultures were grown on KMB for 48 h at 25 0 C. Two bacterial colonies (2 mm diameter) were suspended in 100 µl of lysis solution [0.05 M NaOH, 0.25 per cent sodium dodecyl sulfate (SDS)] and incubated for 15 min at 100ºC. The suspension was centrifuged for one min at 12,000 rpm and diluted 50-fold with sterile distilled water. Five microliters of the diluted suspension was used for PCR.
PCR amplification
To confirm strains as Pseudomonas fluorescens, 16S-23S rRNA intervening sequence specific primers ITSIF (AAGTCGTAACAAGGTAG); ITS2R (GACCATATATAACCCCAAG) were used to get an amplicon with the size of 560 bp (Rameshkumar et al., 2002) . PCR reactions were carried out in 20 µl reaction mixture containing 10X buffer (with 2.5 mM MgCl 2 ), 2 µl; 2 mM dNTP mixture, 2 µl; 2 M primer, 5 µl; Taq DNA polymerase, 3 U; H 2 O, 8 µl and 50 ng of template DNA samples were amplified in thermal cycler (Eppendorf Master Cycler Gradient, Westbury, New York) using the PCR conditions 92°C for 4 min, 28°C for 1 min and 72°C for 2 min. The total number of cycles was 40 with the final extension time of 10 min. The PCR products were resolved on two per cent agarose gel at 50 V, stained with ethidium bromide (0.5 µg ml -1 ), photographed and analysed using gel documentation system (Alpha Innotech Corporation, San Leandro, California).
Detection of Bacillus species from among the rhizobacterial strains
Isolation of DNA
Bacillus spp. was grown in nutrient broth at 28 0 C. Total DNA (including chromosomal and plasmid DNA) was extracted as described by Robertson et al., (1990) . Cultures grown for 16 h in nutrient broth were centrifuged into a pellet, washed in TE buffer (10 mM Tris pH 7.5/1 mM EDTA pH 8.0) and suspended in 10 per cent sucrose. Cells were incubated at 37°C in lysozyme solution (5 mg/ml lysozyme, 50 mM Tris pH 7.5, 10 mM EDTA pH 8.0), followed by addition of 20 per cent SDS containing 0.3 per cent betamercaptoethanol. DNA was purified by organic extraction and ethanol precipitation. Purified DNA was quantified by UV spectrophotometry.
PCR amplification
To identify the isolates of Bacillus sp., 16S rRNA intervening sequence specific BCF1 (CGGGAGGCAGCAGTAGGGAAT); BCR2 (CTCCCCAGGCGGAGTGCTTAAT) primers were used to get an amplicon size of 546 bp . PCR reactions were carried out in 20 µl reaction mixture containing 10X buffer (with 2.5 mM MgCl 2 ), 2 µl; 2 mM dNTP mixture, 2 µl; 2 M primer, 5 µl; Taq DNA polymerase, 3 U; H 2 O, 8 µl and 50 ng of template DNA samples were amplified in thermal cycler (Eppendorf Master Cycler Gradient, Westbury, New York) using the PCR conditions with the initial denaturation of 94 0 C for four min and followed by 94 0 C for one min, 58 0 C for one min and 72 0 C for one min.
The total number of cycles was 40 with the final extension time of 10 min. The PCR products were resolved on two per cent agarose at 50 V, stained with ethidium bromide (0.5 µg ml -1 ) and photographed and analysed using gel documentation system (Alpha Innotech Corporation, San Leandro, California).
Extraction of crude antibiotics produced by antagonistic bacteria
Strains of antagonistic bacteria were grown at 282˚C in Pigment production medium. (Peptone-20 g; Glycerol-20 g; NaCl-5 g; KNO 3 -1 g and Distilled Water-1litre pH 7.2). The cultures were grown in Pigment production (PP) broth for five days and were centrifuged at 5000 rpm and the supernatants were adjusted to pH 2.0 with conc. HCl and it was extracted with an equal volume of benzene. The benzene layer was subjected to evaporation in water bath. After evaporation, the residues were resuspended in 0.1N NaOH.
Effect of bacterial crude antibiotics on the growth of E. chrysanthemi
The efficacy of crude antibiotic extracted from bacterial antagonists was tested against E. chrysanthemi by filter paper disc assay (Smale and Keil, 1966) . E. chrysanthemi was cultured in a 100 ml flask containing 40 ml of Nutrient broth at 25°C for 2 days with shaking at 100 rpm. One ml of E. chrysanthemi inoculum from nutrient broth was suspended in 10 ml of sterile distilled water and mixed with 15 ml of molten agar at a temperature below 50°C; the mixture was then poured into Petri dishes (90 mm diameter) and cooled. The sterile filter paper discs (5 mm diameter) were placed at the centre on these agar plates and the discs were loaded with 150 µl of crude antibiotics. The plates were incubated at 25°C for 2 to 7 days and the diameter of the inhibition zones formed around the discs was measured. The experiment was replicated thrice for all the isolates and the results were analyzed statistically. Surface area of inhibition was measured by tracing the area of inhibition in a trace paper, plotting it on a graph sheet and comparing with that of the control.
Extraction and isolation of phenazine
The antagonistic bacterial strains were grown in nutrient broth at 30C on a rotary shaker. The cells were collected by centrifugation at 3500 rpm for seven minutes. The pellets were suspended in pigment production broth and then incubated on a rotary shaker for four days at 30C. The antibiotic phenazine-1-carboxylic acid (PCA) was isolated as per the procedure described by Rosales et al., (1995) .
The antibiotic was separated into respective fractions after acidifying the culture filtrate with 1N HCl to pH 2.0 and then extracting the culture filtrate with an equal volume of benzene. Then the benzene phase was extracted with five per cent NaHCO 3 . Phenazine-1-carboxylic acid was recovered from the bicarbonate layer while oxychlororaphine remained in the benzene layer. The bicarbonate fraction was extracted once again with benzene to recover phenazine from bicarbonate fraction. The antibiotic was air dried and dissolved in methanol.
Effect of phenazine on the growth of E. chrysanthemi
The antibiotic phenazine was assayed for its antibacterial action as described in assay of crude antibiotic (3.11.1.1.1) by adding the antibiotic at the rate of 100 l, 150 l, and 200 l /well. The surface area of inhibition was recorded.
Extraction of 2, 4 diacetylphloroglucinol (2, 4 DAPG)
Strains of antagonistic bacteria were grown in 100 ml of Pigment Production (PP) broth for four days on a rotary shaker at 30˚C. The fermentated broth was centrifuged at 3500 rpm for five minutes in a tabletop centrifuge and the supernatant was collected. It was acidified to pH 2.0 with 1N HCl and then extracted with an equal volume of ethyl acetate. The ethyl acetate extracts were reduced to dryness in vaccum. The residues were dissolved in methanol (Rosales et al., 1995) .
Effect of 2, 4 DAPG on the growth of E. chrysanthemi
2, 4 DAPG antibiotics were assayed for their microbial action at the rate of 100 l, 150 l, and 200 l/well against E. chrysanthemi as described in assay of crude antibiotic (3.11.1.1.1). The surface area of inhibition was recorded and expressed as per cent of inhibition.
Detection of antibiotics by thin layer chromatography (TLC)
Bacterial cultures grown on pigment medium (peptone, 20 g; glycerol, 20 ml; NaCl, 5 g; KNO 3 , 1 g; distilled water, 1 litre; pH 7.2) (for DAPG production) or KBB (for pyoluteorin) or minimal medium (peptone, 20 g; KH 2 PO 4 , 3 g; K 2 HPO 4 , 0.5 g; NaCl, 5 g; The plates were sprayed with dinitrosalicylicacid, Rf values of the spots was 0.41 as compared with migration of synthetic 2,4-diacetyl phloroglucinol and identical colour (Rosales et al., 1995) . The corresponding pyrrolnitrin spots were detected by spraying with 2 % DMAB (Sigma) dissolved in ethanol-sulphuric acid Total DNA was isolated from bacterial strains by standard protocol (Sambrook et al., 1989) . PCR amplification was performed with 25 μl reaction mixture which contained either approximately 20 ng of total DNA or 5 ml of a diluted heat-lysed cell suspension, 200 mM each dATP, dTTP, dGTP, and dCTP (Genei), 20 pmol of each primer and 3 U of Ampli Taq DNA polymerase (Genei). The oligonucleotide primers Phl2a (GAGGAC GTCGAAGACCACCA) and Phl2b (ACCG CAGCATCGTGTATGAG) developed from sequences within the biosynthetic loci for DAPG of P. fluorescens Q2-87 were used for detection of DAPG and PCA2a (TTG CCAAGCCTCGCTCCAAC) and PCA3b (CCGCGTTGTTCCTCGTTCAT) developed from sequences within biosynthetic loci for PCA of P. fluorescens 2-79 were used to detect PCA (Raaijmakers et al., 1997) .
Amplifications were performed in a thermal cycler (Eppendorf Master Cycler Gradient, Westbury, New York). The PCR program consisted of an initial denaturation at 94ºC for 2 min followed by 30 cycles of 94ºC for 60 s, 67ºC for 45 s and 72ºC for 60 s. Samples (9 μl) of the PCR products were separated on a 1.2 per cent agarose gel in TBE buffer (90 mM Tris-borate, 2 mM EDTA [pH 8.3]) containing 0.5 µg of ethidium bromide per ml at 75 V for three h. The amplified PCR products in agarose gel were visualized with a UV transilluminator and photographed using the gel documentation system (Alpha Innotech Corporation).
Results and Discussion
Detection of P. fluorescens and B. subtilis through PCR
In the present study, fifteen isolates were confirmed as P. fluorescens by PCR. Using ITS1F and ITS2R specific primers, an amplicon size of approximately 560 bp was obtained in these fifteen isolates Rameshkumar et al., (2002) . PCR amplification with specific primers BCF1 and BCR2 has confirmed that the antagonistic bacterial isolate BS32 isolated from different agroecosystems as Bacillus sp. with the amplicon size of approximately 546 bp. confirmed that the bacteria isolated from four separate stingless bees specimens are Bacillus spp. based on the PCR techniques using same specific primers and got an amplicon size of approximately 546 bp. Zinniel et al., (2002) identified six endophytic bacteria as Bacillus sp. with the most promising level of colonization in a range of host plants based on 16S rRNA gene sequences.
Efficacy of crude antibiotics eluted by antagonistic bacteria against E.chrysanthemi in vitro
The results on the efficacy of the crude antibiotics, of five isolates of P. fluorescens (Pf 4, Pf 16, Pf 26, Pf 32 and Pf 45) and one isolate of B. subtilis (Bs 5 ) tested for their antibacterial activity against E. chrysanthemi. The crude antibiotic isolated from Pf 32 recorded maximum (14.6 mm) inhibition zone followed by of Pf 45 and Pf 4 which recorded the inhibition zone of 11.5mm and 7.3mm respectively. The other isolates viz., Pf 26 (5.4mm), and Pf 16 (5.2mm) and Bs 5 (3.0mm) were less effective against pathogen (Table  1) . The crude antibiotics produced by P. fluorescens (CHA0) suppressed damping off of cucumber (Maurhofer et al., 1992) . Leifert et al., (1995) observed the antibiotic produced by of B. subtilis CL 27 and Botrtis pumulis CL 45 against B. cinerea. Kavitha (2004) reported that crude antibiotics of Bacillus subtilis and P. fluorescens inhibited the growth of Pythium aphanidermatum in turmeric.
Efficacy of crude antibiotics of effective bacterial isolates exposed at different temperatures against growth of E.chrysanthemi
The antibiotics produced by the antagonistic bacteria in the rhizosphere should remain stable without loosing its antifungal and antibacterial activity after getting exposed to different temperatures. The crude antibiotics of Pf 26, Pf 32 and Pf 45 were thermostable antibacterial to E. chrysanthemi (Table 2 ).
The crude antibiotics extracted from Pseudomonas isolates Pf 26, Pf 32 and Pf 45 were exposed to various temperatures were similar to the action of crude antibiotic at the room temperature. This indicated that the thermostable nature of antibiotics. Whereas, the crude antibiotics from the other isolates lost their antibacterial activity when these were subjected to 40°C, 60°C, 80°C and 100°C.
This indicates that the crude antibiotics from Pf 4, Pf 16,Pf 26, Pf 32 and Pf 45 Bs 5 isolates were thermostable and those from the other isolates were heat sensitive. Michereff et al., (1994) reported that P. fluorescens and P. marginalis produced nonvolatile, thermostable antibiotics which inhibited the mycelial growth of C. graminicolum. Kavitha (2004) documented that the crude antibiotic from P. chloraphis isolate AA23 and Bacillus isolate CBE 4 were thermostable and tested against P. aphanidermatum. The antibiotic iturin produced by Bacillus sp. was thermostable (Bernal et al., 2002) . 
E. chrysanthemi
The results on the efficacy of the phenazine eluted from the crude antibiotics produced by the isolates of Pseudomonas sp against E. chrysanthemi at different concentrations viz., 100 l, 150 l and 200 l.
The phenazine eluted from Pseudomonas aeruginosa isolate Pf 32 recorded 24.24 mm growth inhibition of E. chrysanthemi at 200 l concentration followed by Pf 45 and pf 4 which recorded the inhibition zone of 20.25mm (150l) and 18.14 (200 l) respectively. The other isolates viz., Pf 16, Pf 26, Pf 45 and Bs 5 were less effective when tested at different concentrations against pathogen. Lottmann et al., (2000) reported that the growth of bacterial pathogen E. carotovora var. atroseptica was significantly inhibited due to the production and action of phenazine produced by the rhizobacterial isolates in potato. In the present study also the antibiotic phenazine isolated from the cell cultures of P. fluorescens isolates suppressed the growth of E. chrysanthemi (Table 3) .
Efficacy of 2,4 diacetyl phloroglucinol produced by effective bacterial antagonists against E. chrysanthemi in vitro
The experimental results revealed that the antibiotic 2, 4 DAPG eluted from the cell cultures of P. fluorescens isolate Pf32 recorded the maximum growth inhibition (26.10mm) at 200 μl concentration which effectively suppressed the growth of E. chrysanthemi. Gnanamanickam and Velusamy (2003) demonstrated that 2, 4 DAPG produced by P. fluorescens strain PTB 9. Suppressed the growth of the rice bacterial blight pathogen Xanthomonas oryzae pv. Oryzae (Table 4) . Rosales et al., (1995) . Since the gene is responsible for the production of DAPG the R f value of DAPG from P. putida was similar to the R f value of 2, 4 DAPG extracted from Pf 4, Pf 32 and Pf 45. Kavitha (2004) reported that R f value was 0.88 for PA23 and CBE4.
In the present study, the R f value of 0.57 was obtained for phenazine of Pf 32 and Pf 45 as compared to the standard. The presence of three different spots revealed the presence of three different phenazine compounds. Similar results were obtained by Kavitha (2004) . Rosales et al., (1995) reported the R f value of phenazine as 0.50. This variation in the R f value might be due to the environmental conditions and the solvent systems used.
Detection of phenazine and DAPG gene in
Pseudomonas sp by using PCR
Detection of PCA by PCR in Pseudomonas sp
Primers PCA2a and PCA2b amplified and predicted 1,150 bp fragment from DNA of Pseudomonas isolate namely Pf 32 and Pf 45. But no products were amplified from DNA of the nonproducing isolates Pf 16 and Pf 26.
Detection of 2, 4 DAPG by PCR in Pseudomonas sp
The antibiotic phenazine and DAPG producing isolates of P. fluorescens were detected by using specific primers. The Phl2a and Phl2b primer specifically amplified a DNA fragment of approximately 745 bp in P. fluorescens isolates Pf 32 and Pf 45 But the desired fragment was not amplified in case of Pf isolate 35. It might be due to the sequence variation in the gene responsible for the antibiotic production in the bacteria. The observations of the present are similar to the findings of Raaijmakers et al., (1997) , Kavitha (2004) and Radja Commare (2004) , in which Phl2a and Phl2b amplified 745 bp fragments in Pseudomonas isolates. The phl primers used in this study were directed against phlD, one of the six biosynthesis genes in the phl biosynthetic cluster of Pseudomonas fluorescens Q2-87 (Bangera and Thomashow, 1996) . Kavitha (2004) and Radja Commare (2004) . The PCA primers were directed against phzC and phzD two of the nine genes in PCA biosynthetic cluster of P. fluorescens 2-79 (Boronin et al., 1995) . Rajkumar (2006) reported that primers PCA2a and PCA3b amplified the predicted 1150bp fragment from DNA of P. fluorescens 1. Pseudomonas fluorescens namely Bpf 1, BPf 3 , BPf 4 and BPf 8 produced pyrrolnitrin and to be an effective biocontrol agent for this pathogen.
